For cross-sensitivity problem between strain and temperature in Fiber Bragg Grating (FBG), A FBG signal demodulation system is designed in this paper; signals are acquired and processed by Labview. The experiment of strain sensing with real-time temperature compensation has been studied based on FBG signal demodulation system. The results show that FBG center wavelength drift has good linear relationship with strain. Wavelength resolution of the system is 1pm; detected wavelength range is 54nm. Range of sensing temperature demodulation is -10°C-70°C. The range of sensing strain demodulation is more than 100με. When temperature increases from 25°C to 50°C, TC FBG can provide accurate temperature compensation for strain FBG in strain measurement. This system can be used as multi physical parameter monitoring device of the airplane status.
Introduction
FBG sensor is a light passive component, it is widely used in the fields of optical communications and sensing. FBG has the following great characteristics: high stability, great repeatability, dielectric, anti-electric magnetic field interference, anti-corrosion, good spectral characteristics [1, 2] . So FBG has huge tremendous value for smart structure monitoring, intelligent oil wells and pipelines, intelligent civil engineering construction, aerospace and voyage engineering [3] . In the field of the airplane Status monitoring, many physics parameters need to be monitored, FBG sensor is an potential solution [4, 5] . For cross-sensitivity problem between strain and temperature in FBG, A FBG signal demodulation system is designed to monitor the temperature and strain on the aircraft. FBG signal demodulation system mainly includes: light source, light demodulating equipment, processing circuit and demodulation program. To test performance of system, A FBG experiment was designed to verify the detecting ability of strain and temperature, the data is processed by Labview.
Principle of Demodulation and System Introduction
FBG is a sensing device. When tested parameters are changed, its spectrum will also be changed. Since drift of center wavelength of reflection spectrum, the change of physical parameters can be calculated by detecting wavelength drift. When imputing FBG beam that meets the Bragg conditions will be reflected, reflection peak appears in the Bragg wavelength.
In the process of Strain measurement, wavelengths of Strain FBG and temperature compensation FBG (TC FBG) have a relationship with strain and temperature [1, 2, 6] .
Where  and T are the strain and temperature of the environment.
After temperature compensation, change of strain FBG wavelength can be obtained by equation (1) and (2). 
When   is measured, strain  can be calculated.
Demodulation System
The FBG wavelength demodulation system scheme is based on the continuous dynamic scanning of tunable F-P filter. Using 3dB coupler, Bragg reflection light of FBG is coupled into the tunable fiber F-P filter (FPF), sawtooth voltage is loaded on FPF, in this way, FPF will scan the spectrum near the characteristic wavelength of grating. Therefore, the characteristics wavelength of the grating is the output wavelength of FPF scanning over zero. The demodulation system mainly consists of six parts: ASE broadband light source, tunable F-P filter, F-P etalon, coupler photoelectric detector. the data acquisition card and the data processing program on PC (Fig.1) . ASE broadband light source and tunable F-P filter constitutes tunable laser. Its spectrum width is less than spectrum width of bragg reflection, tunable laser output wavelength is one-way change, its spectrum can be swept. The parameters of the device are showed in the table.1. We use Labview software to realize laser wavelength scanning, remotely control, data acquisition and signal analysis. Signal processing scheme is shown in Fig.2 . In the data acquisition system, data collected is the form of voltage, so it must be restored to the corresponding physical quantities. Because of the influence of various interference and noise in internal and external system, noise and interfering signal may be added in the acquisition data, we can filter noise to ensure the precision of the acquisition system. Parameter configuration mainly includes sampling frequency (300 kHz) and scanning time (0.25s). Determining peak position refers to position from starting wavelength to etalon peak.
The system calls the module of peak detection to get position of sensing spectrum peak in discrete data sample points during a complete sawtooth scanning cycle. Combined with peak positioning search algorithm, spectral peak is precisely located. We apply amplitude weighting method to calculate peak of the sensing signal. We design program interface. Sensor is connected to system, reflection waveform is displayed on GUI as shown in Fig.3 . 
Experimental Data Analysis
We realize strain sensing with real-time temperature compensation using demodulation system. The strain FBG is pasted on centerline of cantilever beam to induct the strain of beam, and TC FBG is fixed on cantilever beam to realize temperature compensation. After FBGs are pasted, initial wavelength of strain FBG is 1541.650nm, initial wavelength of TC FBG is 1537.352nm. FBG Strain value is calculated by formula (3). The experiment is carried out at room temperature. Adopting spiral micrometer imposes stress on cantilever end, strain increment is 10με, strain is increased to 100με gradually, we measure multiple times and record the change of the FBG wavelength with the temperature. Then strain FBG wavelengths (    ) are fitted with strain value (Fig.4 (a) ). We observe that wavelengths of TC FBG don't drift, so it is not sensitive to strain. Goodness-of-fit of strain FBG is 99.922%, strain can be sensed to strain FBG by the sensing structures. Wavelength moves towards long wavelength.
In order to realize strain sensing with real-time temperature compensation, we should determine temperature coefficient (   ) both FBGs. Sensors are placed in a constant temperature box. Thermostat method is used to measure the sensitive properties at different temperatures. Temperature increment is 5°C, the temperature is increased to 70°C, wavelengths ( T   ) of strain FBG and TC FBG are fitted with temperature, so temperature coefficient of strain FBG is 10.76pm/℃, temperature coefficient of TC FBG is 10.96pm/℃ (Fig.4 (b) ). Goodness-of-fits of strain FBG and TC FBG are 99.989% and 99.997% respectively. We also test that the system is well done between -10℃ and 0℃.
When temperature increases from 25°C to 50°C, strain is measured with real-time temperature compensation, (Fig.4(c) ). So TC FBG can provide accurate temperature compensation for strain FBG in strain measurement, and it can ensure a high precision measurement. In experiment, reflectance spectrum of FBG is shown in Fig.4 (d) . The wavelength demodulation accuracy is 4pm (Fig.4 (e) ). Curves Strain change is showed in Fig.4 (f) . 
Conclusion
For cross-sensitivity problem between strain and temperature in (FBG), we designed a FBG signal demodulation system and strain sensing with real-time temperature compensation can be completed to test performance of system. When temperature increases from 25°C to 50°C, TC FBG can provide accurate temperature compensation for strain FBG in strain measurement. The system can be used as multi physical parameter monitoring device of the airplane status, and the sensing chip is low-cost. Not only have strain and temperature sensor of multi-point FBG be studied, more ideal results have been achieved.
